Abstract. The internal conversion and electron-positron pair creation processes provide a versatile tool for investigating various aspects of the nuclear structure. The most recent calculations of Internal Conversion Coefficients, based on relativistic self-consistent Dirac-Fock calculations are widely regarded as the most accurate numerical results available today. The International Nuclear Structure and Decay Data Network has adopted the new conversion coefficients to replace the Hager and Seltzer, Rössel et al., and Band and Trzhaskovskaya tables.
INTRODUCTION
This year marks the 80th anniversary of the observation by O. Hahn and L. Meitner [1] of monoenergetic electrons in radioactive decay. An electromagnetic decay of the atomic nucleus can proceed by the emission of (a) a photon (γ), (b) an orbital electron (e , internal conversion, CE), (c) electron-positron pair (internal pair formation, IPF), and (d) two photons, which is a higher-order process (relative probability 10 3 to 10 4 ) and will be neglected in the present work. The so-called conversion coefficient, α CE is defined as the ratio of the electron emission rate (T ce ) to the gamma emission rate (T γ ), α CE T CE T γ . Similarly, the conversion coefficient involving the electron-positron pair emission rate (T IPF ) is defined as α IPF T IPF T γ . For transitions between spinzero states, 0 · i 0 · f or 0 i 0 f , the emission of a single γ photon is strictly forbidden by considerations of angular-momentum conservation and, therefore, a conversion coefficient is not defined for these types of transitions. The internal conversion and electron-positron paircreation processes have proven to be versatile tools to study nuclear structure. The conversion coefficient depends on the atomic number of the emitting nucleus (Z), the transition energy (E γ ), the transition multipolarity (πL), and in the case of internal conversion, the atomic shell involved. By comparing measured and calculated conversion coefficients in many cases one can determine transition multipolarities and then infer spin-parity for the excited states involved.
The Evaluated Nuclear Structure Data File (ENSDF) is a computer-based file system designed to store nuclear-structure information. It is maintained by the National Nuclear Data Center (NNDC) at Brookhaven National Laboratory for the international Nuclear Structure and Decay Data Network. An essential element of the computerized toolkit, developed over the last more than 20 years, is the HsIcc program [2] to interpolate conversion-electron coefficients based on the Hager and Seltzer [3] and Dragoun et al. [4] tabulations. Other conversion tables being widely used are by Rössel et al. [5, 6] and Band and Trzhaskovskay [7, 8] .
Significantly improved calculations have been carried out by Band, Trzhaskovskaya, Nestor, Tikkanen, and Raman [9] . Their calculations are based on the relativistic Dirac-Fock (DF) method in which the exchange interaction between bound electrons as well as between bound electrons and the conversion one is included exactly. Using a set of 100 experimental conversion coefficients, measured with better than 5% accuracy, Raman et al. [10] carefully compared the experimental values to theoretical ones calculated by two different methods. Their analysis showed that, on average, the new DF calculations agree with experiment by better than 1%. In this paper we report the development of a new conversion electron tool, which is largely based on new DF calculations, which have been refined to extend the energy range. Conversion coefficients involving the emission of electron-positron pairs for transitions in the 1100-8000 keV region have also been included. The analysis of electric monopole (E0) transitions require the exact knowledge of the so-called electronic factors, which are also included in the new tool, called BrIcc.
DATA TABLES
The data tables used by the BrIcc program are listed in Table 1 . In some cases, where published data overlapped, only a section of the table is used as indicated.
Extended Dirac-Fock Electron Conversion Coefficients
The Dirac-Fock ICC tables [9] , tables of conversion coefficients for the lowest 5 multipole orders, cover all elements with 10 Z 126 and all atomic subshells. The energy grid of the calculations include gamma-ray energies starting from 1 keV above the L1 binding Pair conversion coefficient α IPF [11] 0-100 c IPF 1-3 1100-8000 [12] 50-100 IPF 1-3 1100-8000
Electronic factor Ω(E0) [16, 9] . A series of calculations has been carried out to examine the location of the "resonance-like" regions for all shells. As can be seen in Fig. 1 , for the N1-shell in zinc (Z=30) the conversion coefficient for the E2-E5 multipolarity is not monotonous as a function of gamma energy and changes more than an order a magnitude. By comparing with similar charts for higher Z-values, it was evident that both the position and the "width" of these "resonances" are increasing with Z. In the same time the "depth" of these features is decreasing and for elements with Z 60 is almost unnoticeable. Figure 2 shows the visually observed location of these (transition energy), where the conversion coefficient is minimal. Empirical relations, established in this study between atomic number, Z, and the location, are also shown in the figure.
Electron-Positron Conversion Coefficients
Values of pair-conversion coefficients, α IPF have been published by Schlüter and Soff [11] for Z=0,10,20,...100, and Hofmann and Soff [12] for Z=50,60,70,...100. The latter calculation takes into account the finite size of the nucleus, which is significant for Z 50. Tables of α IPF values have been generated for every Z between 1 and 100 by interpolating over Z and transition energy, E tr using [11] for Z 50 and [12] for Z 50. To obtain α IPF´Etr Zµ BrIcc uses cubic spline interpolation.
Electronic Factors for E0 Transitions
The absolute transition rate of a pure electric monopole (E0) transition can be expressed as
is the dimensionless monopole transition strength, which carries all nuclear information. Ω IC´E 0µ and Ω IPF´E 0µ are the so-called electronic factors. The data tables used by BrIcc have been constructed from the tabulations of Hager and Seltzer [13] , Bell et al. [14] , and Passoja and Salonen [15] . The only overlap is for Ω K´E 0 Z 40µ and the agreement is better than 2%. There is a case to carry out new calculations to cover the full range of Z values and transition energies.
BRICC Data Storage and Interpolation
The various data tables contain nearly 125000 energy mesh points; each of them can have up to 10 conversion coefficients (or electronic factors). For fast retrieval all data tables are kept in binary format. The main routine of BrIcc will load all data tables for a selected Z value and then carry out a cubic spline interpolation for a specified E γ , using the Log-Log scale to obtain all α IC IPF and Ω IC IPF values.
User Interface
The BrIcc program is intended for use in a number of ways to combine different applications of the program. It has been developed using FORTRAN 95, which allowed building on existing libraries [17] and compiling and linking the same source files on Win32, Linux, and Unix operating systems.
The simplest use of BrIcc is to obtain α IC IPF or Ω IC IPF coefficients for a given transition energy, E γ and atomic number, Z.
The main focus of the current version of BrIcc was to develop a tool for the Evaluated Nuclear Structure Data File (ENSDF). The so-called GAMMA records contain information on the nuclear transitions, including the nucleus, the transition energy (E γ ), transition intensity, multipolarity (πL), and mixing ratio (δ´π ¼ L ¼ πLµ). BrIcc deduces calculated conversion coefficients for a wide range of combinations of mixed multipolarities, including cases when uncertainties of E γ and/or δ´π ¼ L ¼ πLµ can be symmetrical or asymmetrical. There are cases when E γ and or δ´π ¼ L ¼ πLµ are known as limits, which is also evaluated by BrIcc. The program output includes detailed list files and new ENSDF data records, which then can be inserted into the ENSDF data sets.
Program Testing using the ENSDF File
An extensive test of the BrIcc program has been carried out using decay data sets from the ENSDF file.
A total of 4064 gamma transitions with known multipolarities have been used from a number of EC, β -decay, and IT-decay data sets sampling the entire mass and energy region. Transition multipolarities involving 3 multipolarities (for example M1+E2+M3) or pure or mixed transitions containing E0 (electric monopole) have been excluded. Transition multipolarities ranged from E1 to M4+E5. Figure 3 shows the ratio of the total conversion coefficients in the ENSDF file, CC(ENSDF), to the values obtained using BrIcc, CC(BrIcc). The average difference is about 2% for both data sets. This is in general agreement with the analysis carried out by Raman et al. [10] . That study has compared 100 experimental conversion coefficients, known to high precision, with values calculated using a range of conversion tables, including the Hager and Seltzer (HsIcc) used extensively for the ENSDF evaluations for many years. A striking feature of the figure is the systematic drop of the CC(ENSDF)/CC(BrIcc) ratio above 1 MeV. By comparing the individual cases, it is evident that the drop can be attributed to the contribution of the electron-positron pair conversion to the total conversion coefficient, which has been neglected in HsIcc.
CONCLUSION
A new computer tool BrIcc has been developed to obtain the theoretical conversion coefficient and electronic factors for a very wide range of Z, E γ , and pure or mixed transition multipolarities. The electron conversion data tables, based on the Band, Trzhaskovskaya, Nestor, Tikkanen, and Raman [9] calculated values have been extended. The so-called "resonance"-like and threshold non-regularity effects, influencing the ICCs for E2-E5 multipolarities have been explored. Further testing of the program will be carried out within the ENSDF evaluation network.
